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Description 

TECHNICAL FIELD 

[0001] The field of the invention generally relates to 5 
the use of illumination in bar code readers and, more 
specifically, to controlling the intensity of the light emit- 
ting diodes (LEDs) that are used to illuminate a bar code 
target area. 

10 

BACKGROUND 

[0002] Automatic data storage systems exist for use 
with computers and other systems. These systems typ- 
ically consist of a storage area for storing data cartridges is 
or other media and one or more drives for reading data 
from, or writing data to, the data cartridges. The data 
cartridges may be stored in one or more storage racks 
or "magazines." Each of the magazines is capable of 
holding a plurality of data cartridges. When a host com- 
puter needs to read data from, or write data to, a partic- 
ular data cartridge, a cartridge access device is used to 
remove the desired data cartridge from its storage mag- 
azine, carry the cartridge to the appropriate drive, and 
insert the cartridge into the appropriate read/write drive. 
When the drive has completed its read/write operation 
or other processing, the cartridge access device is used 
to remove the tape cartridge from the drive and to return 
the cartridge to the appropriate magazine storage area. 
[0003] Such data storage systems are often referred 
to as "jukebox" data storage systems. These jukebox 
systems can be sized according to the host system's 
requirements. For example, jukebox storage systems 
may range from small systems that have a single drive 
and less than ten data cartridges to systems having 
more than ten drives and more than a hundred data car- 
tridges. The jukebox storage system has a control sys- 
tem that controls the cartridge access device that moves 
the data cartridges between the storage magazines and 
the read/write drives. The cartridge access device may 
include a cartridge engaging assembly or "picker" that 
is used to engage the cartridge and to move the car- 
tridge between the storage magazine and the drive. The 
picker may be used to withdraw and replace the car- 
tridge from the magazine and to insert and remove the 
cartridge from the drive. Such a system is disclosed in 
U.S. Patent No. 6,1 60,786, entitled "Cartridge Engaging 
Assembly With Rack Drive Thumb Actuator System". 
[0004] EP-A-1 045 328, which represents the basis 
for the preamble of claim 1 , relates to an automated op- 
tical detection system in which a bar code and a target 
are illuminated, making use of multiple light sources. 
The target is located more distant from the light sources 
than the bar code. If the system is able to image the 
target, it is determined that no object is located between 
the target and an imaging apparatus of the system. 
[0005] EP-A-1 045 330 relates to a low-power illumi- 
nator having at least one light source located on a sur- 



face of a lens assembly and a lens formed in the lens 
assembly. A first light path portion extends between the 
lens and an object to be illuminated, whereas a second 
light path portion extends between the light source and 
the lens. At least the portion of the surface of the lens 
assembly is substantially parallel to the second light 
path. Thus, the illuminator should be able to uniformly 
illuminate a bar code on an object, so that the reflective 
surfaces of the object can be distinguished from the non- 
reflective surfaces thereof. 

[0006] US 4,945,429 is concerned with a data security 
arrangement for an automated magnetic tape cartridge 
library system, wherein magnetic tape cartridges are 
provided with labels in the form of a bar code. An array 
of photo detectors is provided for detecting light reflect- 
ed from the bar code. It is outlined in this document that 
sufficient balanced light must be applied to the entire 
label, so that the photo detectors will respond to the var- 
iation in dark and light areas caused by the presence of 
the bar code characters. 

[0007] A need exists for the cartridge engaging as- 
sembly or picker to identify specific data cartridges in 
the data storage system to ensure that the picker en- 
gages the correct cartridge. This may be accomplished 
by having the picker read a bar code label or other label 
that is affixed to the data cartridge. The data storage 
rack or magazine may consist of a number of slots for 
holding individual data cartridges. At times a magazine 
slot may be empty, such as when a data cartridge has 
already been moved to a read/write drive. Accordingly, 
there is also a need forthe pickerto detect when no data 
cartridge is present in a magazine slot. 
[0008] This object is achieved by a system according 
to claim 1 and a method according to claim 6. 
[0009] The invention is directed to a method and ap- 
paratus for using light sources, such as LEDs, to illumi- 
nate target areas. At least one embodiment of the in- 
vention provides a system for illuminating target areas 
using multiple light sources, wherein the system com- 
prises a first light source configured to illuminate a first 
target area. The system further comprises a second light 
source configured to illuminate a second target area, 
wherein the second target area is located more distant 
from the second light source compared to the distance 
from the second light source to the first target area. Ac- 
cording to at least one embodiment, the illumination 
from the first light source and the illumination from the 
second light source overlaps on the first target area, and 
the intensities of the first and second light source are 
adjusted to provide a relatively balanced illumination of 
the first target area. 

[0010] According to another embodiment of the 
present invention, a system for illuminating target areas 
is provided, which comprises a first light emitting array 
positioned to illuminate a primary target area. The sys- 
tem further comprises a second light emitting array po- 
sitioned to illuminate a alternate target area, wherein the 
distance from the second array to the alternate target 
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area is greater than the distance from the second array 
to the primary target area. The system also includes an 
illuminator lens positioned in relation to the second array 
so that light from the second array is directed across the 
primary target area to the alternate target area. Accord- 
ing to such embodiment, the intensities of individual el- 
ements within the first and second arrays are adjusted 
to provide a relatively even distribution of light over the 
primary target area. 

[0011] According to yet other embodiments of the 
present invention, a method for illuminating target areas 
using a plurality of light sources is disclosed. In at least 
one embodiment, such a method comprises illuminating 
a first target area with a first light source array. The meth- 
od further comprises directing light from a second light 
source array toward a second target area, wherein the 
light from the second light source array passes over at 
least part of the first target area, thereby causing the 
first target area to be illuminated by both the first and 
second light source arrays. Further, the method includes 
adjusting the illumination levels of individual light sourc- 
es within the first and second arrays so that the illumi- 
nation over the first target area is relatively even. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIGURE 1 is an orthogonal view of a partial picker 
assembly for a data storage system incorporating 
the present invention; 

FIGURE 2 is an orthogonal view of a picker lid sec- 
tion of the picker assembly shown in FIGURE I show 
in spaced relation to a data cartridge; 

FIGURE 3 is a trace representing the voltage output 
from a CCD in a prior art system for a 70 Ippi target; 

FIGURE 4 is a trace representing the voltage output 
of a CCD of the present invention for a 70 Ippi target; 

FIGURE 5 is a trace representing the voltage output 
from a CCD in a prior art system for a white target; 
and 

FIGU RE 6 is a trace representing the voltage output 
of a CCD of the present invention for a white target. 

DETAILED DESCRIPTION 

[001 3] Various embodiments of the present invention 
provide a method and apparatus for using light sources, 
such as LEDs, to illuminate target areas. One embodi- 
ment of the system comprises a first light emitting array 
positioned to illuminate a primary target area and a sec- 
ond light emitting array positioned to illuminate a alter- 
nate target area. The primary target area is closer than 



the second target area, so that the light from the second 
light array passes across the primary target area to illu- 
minate the alternate target area. Also, the distance from 
the second light array to the alternate target area is 

5 greater than the distance from the second light array to 
the primary target area. An illuminator lens is positioned 
in front of the second light array so that light from the 
second light array is directed across the primary target 
area to the alternate target area. The intensities of indi- 

w vidual illumination within the first and second arrays are 
adjusted to provide a relatively even distribution of light 
over the primary target area. 

[0014] The first light array may comprise, in one em- 
bodiment, a first bank of LEDs and a second bank of 

15 LEDs. The second light array comprises, in one embod- 
iment, a third bank of LEDs and a fourth bank of LEDs. 
Each of the first through fourth bank of LEDs may com- 
prise one or more individual LEDs. The first through 
fourth banks of LEDs are adjusted to provide relatively 

20 even distribution of light over the primary target area. 
[0015] The present invention may be used in a data 
storage system. The data storage system may include 
a data storage media engaging assembly for engaging 
data storage media that are stored in the system. The 

25 data storage media are typically stored in slots of a stor- 
age magazine. The engaging assembly is movable so 
that the engaging assembly can be positioned in front 
of the slots in the storage magazine. The first and sec- 
ond LED arrays and the illuminator lens are mounted on 

30 the engaging assembly and positioned to illuminate la- 
bels on the data storage media. 
[0016] The primary target area is a label area on the 
data storage media. The alternate target area is a rear 
area of a slot in the storage magazine. By detecting or 

35 reading the rear area of the slot, the system can detect 
when slots are empty, 

[0017] The system further comprises a CCD that is 
positioned to receive light that is reflected from the pri- 
mary target area or from the alternate target area orf rom 

*o both target areas. An imaging lens is positioned relative 
to the CCD to focus light that is received from the target 
areas onto the CCD. The imaging lens and CCD may 
be mounted on the data storage media engaging as- 
sembly along with the first and second LED arrays and 

45 the illuminator lens. 

[0018] According to one aspect of the invention, an 
illumination array, for example an array of light emitting 
diodes (LEDs) , are used to illuminate the label on a data 
cartridge. The light from the array is reflected off of the 

so label, and the reflected light is then detected by a charge 
coupled device (CCD). The light array and CCD are 
mounted on the cartridge engaging assembly or "picker" 
in the data storage system. The light array is configured 
so that the illuminated label area is large enough to en- 

55 sure that labels of different sizes can be read by the 
CCD. Additionally, a lens is used in conjunction with one 
or more of the light elements so that the rear of a mag- 
azine area can also be illuminated. This allows the CCD 
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device to read the unique characteristics off the rear of 
an magazine slot. By detecting the rear of a magazine, 
the data storage system can determine when the picker 
is in front of an empty slot. For example, upon initializa- 
tion of the data storage system, picker assembly 10 may 
review all of the magazines and storage racks to take 
an inventory of the data cartridges that are currently 
stored in the system. 

[0019] FIGURE 1 illustrates picker assembly 10, 
which functions as a data cartridge engaging device in 
a data storage system. Picker assembly 1 0 is moveable 
so that it can be positioned in front of data cartridges 
that are stored in magazines or racks in the data storage 
system. When picker assembly 10 is directed by the 
control system to move a data cartridge to a read/write 
drive, picker assembly 10 is moved so that cavity 11 is 
positioned next to the appropriate data cartridge. The 
cartridge can then be engaged by picker assembly 10. 
When the data storage system needs to move a data 
cartridge from one location to another, the data cartridge 
is moved out of the magazine and into cavity 1 1 in picker 
assembly 10. This can be accomplished, for example, 
by the system disclosed in U.S. Patent No. 6,160,786. 
The data cartridge is then moved to the desired location 
within the data storage system by moving entire picker 
assembly 10. In this manner, the data cartridge may be 
moved between magazines, storage racks, read/write 
drives and/or other locations. It will be understood that 
picker assembly 10 can be adapted to work with data 
cartridges and other data storage media of any size or 
format. 

[0020] The data cartridges preferably include a label, 
such as a bar code label, that can be detected and/or 
read by picker assembly 10 to find a desired cartridge. 
The bar code or other label is affixed to the data car- 
tridge so that it is visible to picker assembly 1 0 when the 
cartridge is stored in a magazine. To assist in detecting 
and reading such labels, picker assembly 10 includes a 
CCD (not shown) and LED arrays 12,1 3 that are mount- 
ed on picker lid 14, which forms one of the walls of the 
picker assembly. LED arrays 12, 13 provide illumination 
to the data cartridge label area. Light from the LED ar- 
rays is reflected off the bar code label and detected by 
the CCD. Illuminator lens 1 5 in front of LED array 1 3 is 
molded so that it functions to throw light from LED array 
1 3 farther away from picker assembly than the light from 
LED array 12. This allows light to be reflected off of the 
back of a storage magazine when picker assembly 10 
is positioned in front of an empty data cartridge storage 
slot. 

[0021] FIGURE 2 illustrates part of the interior of pick- 
er assembly 10. Picker lid 14 is shown in operational 
relationship to data cartridge 20, which may be stored 
in a magazine or storage rack (not shown) in the data 
storage system. It will be understood that in a preferred 
embodiment, other data cartridges, such as cartridge 
21, will stored next to data cartridge 20 so that picker 
assembly 1 0 can be moved along a line of such cartridg- 



es. As picker assembly 10 moves down a line of car- 
tridges, it reads the labels on data cartridges 20,21 . 
[0022] As shown in FIGURE 2, arrays 12,1 3 are po- 
sitioned to illuminate label area 22 on data cartridge 20. 

5 The rear portion of arrays 12,13 is angled down relative 
to the plane of picker lid 14, so that the light from the 
individual light sources will be directed onto centeriine 
23 of label area 22 when picker assembly 1 0 is posi- 
tioned in front of data cartridge 20. Light from arrays 1 2, 

10 13 is reflected off of label area 22. This reflected light is 
focused by imaging lens 24 onto CCD 25. Shroud 26 
between imaging lens 24 and CCD 25 prevents stray or 
ambient light from reaching CCD 25. 
[0023] In a preferred embodiment, arrays 1 2,1 3 each 

15 comprise 6 LEDs 201-206 and 207-212, respectively. 
LEDs 201 -212 may be any light emitting device that pro- 
vides sufficient light intensity to illuminate label area 22. 
The light produced by LEDs 201-212 must be con- 
strained within certain limits to prevent saturating CCD 

20 25 with too much light. In one embodiment, LEDs 
201-212 are the LED identified as part number 
HSMC-S660 from Agilent Technologies, Inc. Relative to 
the position in which they are mounted on picker assem- 
bly 10, each of these LEDs throws light in a broad ver- 

25 tical pattern of approximately 120 degrees, as meas- 
ured at the half power point, while constrained to a nar- 
rower horizontal pattern of approximately 45 degrees. 
The net effect of the light from LEDs 201-212 is illumi- 
nation of label area 22. 

30 [0024] When picker assembly 1 0 is positioned in front 
of data cartridge 20, light from LEDs 201 -21 2 is reflected 
off of bar code area 22. When picker assembly 10 is 
positioned in front of an empty storage magazine slot, 
light, primarily from LEDs 201 -206, is reflected off of the 

35 back of the magazine, which corresponds approximate- 
ly to side 27 of tape 20. In either situation, the reflected 
light is gathered by imaging lens 24 and focused onto 
CCD 25. Imaging lens 24 is preferably a match triplet 
lens comprising three lenses that are configured to give 

40 the correct effect to the light that is provided to CCD 25. 
[0025] In one embodiment, CCD 25 is the device iden- 
tified by part number uPD3734A from NEC Corporation. 
This device consists of a 1x2660 array of light sensitive 
elements. The light sensitive elements are exposed to 

45 the focused light from imaging lens 24. CCD 25 detects 
a long thin vertical line of light oriented parallel to cen- 
teriine 23. Each element of the CCD array generates a 
voltage that is proportional to the amount of light that is 
detected. These voltages are output to a processor or 

so other device that processes the CCD voltage levels to 
detect the white spaces and dark bars of a bar code la- 
bel. It will be understood that processing the output of a 
CCD device to detect a barcode is well known, although 
not trivial. Accordingly, such processing is not discussed 

55 further in the present description, other than to note that 
the complexity of the bar code reading algorithm is se- 
lected based in part upon the quality and evenness of 
the barcode illumination. A processor may be mounted 
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on picker assembly 1 0 to receive and process the output 
of CCD device 25. Detected and decoded barcode label 
information can be passed to a main controller for the 
data storage system, which may direct picker assembly 
10 to perform further actions, such as engaging a data 5 
cartridge or moving to a different location. 
[0026] Once the bar code is detected, picker assem- 
bly 10 may engage data cartridge 20 to move it to an- 
other location, such as to a read/write drive. If the bar 
code is detected, but cannot be decoded, then picker 10 
assembly 10 can move left or right relative to data car- 
tridge 20 to attempt to read the left edge 22a or right 
edge 22b of label area 22. 

[0027J The following basic steps typically occur in a 
jukebox data storage system to read the bar code label *5 
on the data cartridges: an illumination source, such as 
an LED, provides tight to the label area; light is reflected 
off of the label; the reflected light is focused by a lens 
onto a CCD; and the CCD outputs voltages from its light- 
sensitive array to a processor that identifies the contents 20 
of the label. The processor may process the voltages 
with a bar code detection algorithm that identifies the 
white spaces and dark lines of a bar code label. There 
are many variables involved with this process, such as 
the intensity of the light source, the reflectivity of the la- 25 
bel, the diffusion of light reflected off of the label, the 
contrast between the label color and the color of the dark 
bars on the label, the focusing of the lens and the sen- 
sitivity of the detector. 

[0028] Each of these variables can affect the system's 30 
ability to read the label. For example, the system may 
not be able to read the label if the light source is too dim 
or if the contrast between the label color and dark bars 
is too low. Low light situations can cause shadows on 
the label or result in a dim reflection off of the label , which 35 
makes it difficult to distinguish between black and white 
spaces on the label. Additional problems can result if 
the light source is too intense, if the label is too reflective, 
or if the label does not diffuse the reflected light suffi- 
ciently. These situations may cause a reflection that is ^ 
too bright and can create bright spots on the label, which 
may saturate the CCD detector so that it cannot properly 
detect the dark bars. 

[0029] Accordingly, there is a need in a label-reading 
system to provide an even distribution of sufficient light 
across the label area, without creating bright spots on 
the label and without saturating the label with light. The 
light source preferably provides substantially the same 
intensity of light across the label area. This provides the 
system with the best opportunity to decode the label. An so 
uneven distribution of light makes it more difficult to de- 
code the label, decreases the accuracy of the label read- 
ing, and requires the use of more complex decoding al- 
gorithms to interpret the label. 

[0030] In a automatic data storage system, there is a 55 
need for picker assembly 1 0 to be capable of illuminat- 
ing and detecting data from at least two areas relative 
to data cartridge 20. First, when picker assembly 10 



stops in front of a data cartridge, it must be capable of 
detecting and reading a bar code label (or detecting the 
absence of a bar code label) at label area 22. Second, 
when picker assembly 10 stops in front of an empty 
magazine slot, ft must detect the empty slot by "reading" 
the back of the magazine. When the back of the maga- 
zine is illuminated, the reflected light can be detected 
and processed by CCD 25. The back of the magazine 
has unique characteristics that the label processing al- 
gorithm can use to identify the slot as "empty." 
[0031] In prior data storage systems, a single LED ar- 
ray was sufficient to provide illumination to read the bar 
code label on older data cartridges. However, the prior 
art LED arrays did not provide sufficient illumination to 
read longer labels in label area 22. In the present inven- 
tion, LED array 12 is preferably and primarily used to 
illuminate label area 22, and LED array 13 is preferably 
and primarily used to read the back of the magazine. 
Illuminator lens 1 5 is designed to "throw" light from LED 
array 1 3 to the back of the magazine slot. Without using 
the light from LED array 1 3 and illuminator lens 1 5, CCD 
25 cannot "read" the back of the storage magazine. Il- 
luminator lens 15 may be constructed of a plastic mate- 
rial and can be molded to an appropriate shape so that 
the light that is generated by LEDs 201-206 is focused 
at the back of magazine rack, which is roughly equiva- 
lent to the distance to side 27 of data cartridge 20. De- 
pending upon the type of storage media that is used in 
the data storage system, this distance may be approxi- 
mately four inches from picker assembly 10. Of course, 
any other distances may be implemented in alternative 
embodiments, and any such implementations are in- 
tended to be within the scope of the present invention. 
[0032] When picker assembly 10 is stopped in front 
of data cartridge 20, instead of an empty magazine, the 
addition of a second LED array has the beneficial effect 
of providing more illumination over bar code label area 
22. However, because illuminator lens 15 is configured 
to direct orfocus the light from LEDs 201 -206 to the back 
of the magazine, the tight from LEDs 201 -206 that im- 
pinges upon label area 22 may be uneven. In one em- 
bodiment, illuminator lens 15 may be molded to deflect 
the light from LEDs 201 -206 downward to illuminate the 
center area at the back of the magazine. This light de- 
flection, which improves the illumination of the rear of 
the magazine, may also effect the evenness of the light 
that is reflected from label area 22. 
[0033] The positioning of LED arrays 12, 13 may be 
affected by the physical arrangement and requirements 
of the other components of picker assembly 1 0. For ex- 
ample, the positioning of the thumb assembly (not 
shown), which is used to engage and move the data car- 
tridges in and out of cavity 11 , may affect the location of 
LED arrays 12,1 3. As a result, It may not be possible to 
position LED arrays 12, 13 in an optimal location. As a 
result of a less than optimal positioning, the balance of 
light across label area 22 may be uneven if LEDs 
201-212 were all set to the same intensity. 
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[0034] in the present invention, the intensity of indi- 
vidual LEDs 201 -21 2 is varied to compensate for actual 
LED-array positioning and to compensate for the effects 
of illuminator lens 15. In a preferred embodiment, LEDs 
201-212 are divided Into four sets or "banks" of three 5 
LEDs each. Bank one is comprised of LEDs 201-203, 
bank two is LEDs 204-206, bank three is LEDs 207-209, 
and bank four is LEDs 210-212. The intensity of each 
bank of LEDs can be adjusted so that each bank can be 
set to a different intensity. 

[0035] As discussed above, illuminator lens 1 5 draws 
the light from LED array 1 3 downward toward the center 
of the data cartridge. When combined with the light from 
LED array 1 2, this downward deflection of lightfrom LED 
array 13 results in an overlap of light in the center of 
label area 22, which causes a bright spot on label area 
22. Such a bright spot may affect the decoding of the 
bar code label. To compensate for this bright spot, LEDs 
204-209 in banks two and three are set to a lower inten- 
sity to cause a more even distribution of light across la- 
bel area 22. 

[0036] The intensity of individual LEDs 201-212 may 
vary depending upon manufacturer and lot. In a pre- 
ferred embodiment, the intensity of the LEDs is set when 
picker assembly 10 is manufactured so that the relative 
intensity of each LED bank is fixed. For example, bank 
two is set to a lower illumination than bank one. Howev- 
er, the overall level illumination of LEDs 201-21 2 can be 
varied during operation. For example, if picker assembly 
1 0 is positioned in front of an empty slot, the intensity of 
LEDs 201 -21 2 can be increased to better illuminate the 
rear of the magazine and thereby verify the absence of 
a data cartridge. However, when the overall intensity of 
LEDs 201 -212 is increased, bank two remains at a lower 
intensity relative to bank one. The data storage system 
incorporates an algorithm that drives the overall bright- 
ness of LEDs 201-212. 

[0037] FIGURES 3-6 are oscilloscope traces that rep- 
resent the type of information that is output from a CCD 
in a prior art system and from CCD 25 in a system that 
incorporates the present invention. 
[0038] FIGURE 3 represents the type of information 
that is detected in a data storage system when a prior 
art picker assembly reads a bar code label having a 70 
line pairs per inch (Ippi) test pattern. A 70 Ippi label has 
70 black bars interleaved with 70 white spaces over 
each inch. The black bars and white spaces have even 
widths. Alternatively, FIGURE 4 represents the informa- 
tion that is detected in a system that incorporates the 
present invention in which CCD 25 detects light reflect- 
ed from the same 70 Ippi test label. In FIGURE 4, the 
70 Ippi test label is illuminated by LED arrays 12, 13. 
[0039] In FIGURE 3, trace 30 represents the voltage 
level output by a CCD when the prior art picker assembly 
reads label area 22. In general, the Iowertrace30 drops, 
the whiter area is detected. The span of trace 30 be- 
tween points 31 and 32 represents the entire CCD de- 
tection window. Point 31 corresponds to the upper edge 



of the detection window, and point 32 corresponds to 
lower edge of the detection window. The dark section at 
point 33 represents a strip of black tape that has been 
placed across label area 22 for reference. The distance 
between points 31 and 33 corresponds to the area that 
must be read to read a label on a Digital Linear Tape 
(DLT) type data cartridge. 

[0040] As illustrated in FIGURE 3, the prior art system 
is capable of illuminating a DLT label area. However, the 
prior art system does not illuminate the bottom portion 
of cartridge label area 22 as indicated by the low voltage 
trace between points 34 and 32. This low voltage trace 
corresponds to a lack of light being detected by that in 
lower detection window section of the CCD. The light 
sensitive elements in the lower part of the CCD detec- 
tion area are not receiving sufficient light to create a volt- 
age output. Accordingly, no information in that section 
of label area 22 is being detected in the prior art system. 
[0041] FIGURE 3 also illustrates the uneven illumina- 
tion of label area 22 in the prior art system. Although a 
DLT label between points 31 and 33 would be illuminat- 
ed by the system and detected by the CCD, the illumi- 
nation is uneven. The uneven illumination is illustrated 
by the tapering off of the voltage between points 31 and 
33, so that voltage difference V 3 is created between over 
the area between points 31 and 33. The label in this area 
has the 70 Ippi test pattern. In an ideal system, the volt- 
age would remain constant across the entire illuminated 
area representing the same pattern across the label. 
When the prior art data storage system decodes the bar 
code, the bar-code-reading algorithm that is used in the 
prior art system must compensate for this uneven illu- 
mination and the resulting uneven detection voltage. 
[0042] In FIGURE 4, trace 40 represents the voltage 
level output from CCD 25 in a system incorporating the 
present invention. The trace between points 41 and 42 
represents the entire field of view for the detection win- 
dow on CCD 25. Point 43, like point 33 in FIGURE 3, 
represents a strip of black tape that has been placed 
across the label. The voltage trace between points 41 
and 43 corresponds to the positioning of a DLT label. 
Clearly, in the present invention, light reflected from a 
DLT label would be detected by CCD 25. 
[0043] Moreover, as illustrated in FIGURE 4, in the 
present invention, LEDs 201-212 illuminate more of la- 
bel area 22 when compared to the prior art system .Point 
45 is another strip of black tape that has been placed 
across a lower portion of the test label. The distance 
between points 41 and 45 corresponds to the length of 
a label for a linear tape open (LTO) type of data car- 
tridge. FIGURE 4 illustrates that the present invention 
provides illumination for the entire area covered by an 
LTO label so that the LTO label can be detected and 
read by CCD 25. 

[0044] As illustrated by comparing FIGU RES 3 and 4, 
the prior art system is unable to read an entire LTO label 
because the illumination drops off at point 34, which is 
above the black tape that marks the bottom of a LTO 
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label. Moreover, although the voltage level between 
points 41 and 45 tapers off slightly in FIGURE 4, voltage 
difference V 4 across the LTO label area is less than volt- 
age difference V 3 in the prior art system (FIGURE 3). 
The illumination across the DLT label area in the present 
invention is more evenly distributed, as illustrated by the 
relatively flat variation in the detection voltage between 
points 41 -43. 

[0045] FIGURE 5 is a trace illustrating the CCD output 
of a prior art system that is reading a white target in label 
area 22. FIGURE 6 is a trace illustrating the output of 
CCD 25 when picker assembly 10 incorporating the 
present invention reads the same white target in label 
area 22. 

[0046] Trace 50 in FIGURE 5, like trace 3 in FIGURE 
3, illustrates the limited detection area of the prior art 
system. The prior art system generates a CCD output 
voltage only between points 51 and 54, which is approx- 
imately half of the CCD's detection area window 51-52. 
Additionally, in the DLT label area, between points 51 to 
53, the illumination in the prior art system is uneven 
causing the CCD output voltage to taper off by voltage 
difference V 5 . 

[0047] In FIGURE 6, trace 60 illustrates the output 
from CCD 25 when a white target in label area 22 is il- 
luminated by the present invention. The area between 
points 61 and 62 corresponds to the detection window 
of CCD 25. Point 63 is caused by a black tape across 
the test label marking the end of a DLT label area, and 
point 65 is caused by a black tape across the test label 
marking the end of an LTO label area. Again, when com- 
pared to the prior art system's output in FIGURE 5 for 
the same test label, the LEDs of the present invention 
illuminate a broader section of label area 22. Moreover, 
the illumination provided by LEDs 201-212 is more 
evenly balanced as illustrated by the relatively flat volt- 
age difference V 6 across the length of the LTO label ar- 
ea. 

[0048] It will be understood that although LEDs are 
used in the exemplary system described herein, the 
present invention can also be embodied in system that 
uses other sources of illumination, including, without 
limitation, lamps, lasers, Infrared Emitting Diodes 
(IRED), and other light sources. Moreover, the light 
sources used in the present invention may emit light of 
any wavelength, whether visible or not, as well as other 
electromagnetic waves. Correspondingly, although a 
CCD is used in the exemplary system described herein, 
the invention can be embodied using other light-sensi- 
tive integrated circuits or other electromagnetic detec- 
tion devices that are capable of detecting the energy 
from the source of illumination. 
[0049] It will be further understood that although the 
exemplary system described herein uses a bar code on 
the data cartridge label, the present invention can be 
used to illuminate other label formats and targets, 
whether the labels are part of a data storage system or 
any other system. Moreover, in systems using bar code 



labels, any bar code standard can be used on such la- 
bels, including, without limitation, uniform product code 
(UPC), POSTNET, European article number (EAN) 
codes, Japanese article number (JAN) codes, bookland 

5 codes, ISSN bar codes, Code 39, Code 1 28, 1 nterleaved 
2 of 5 code, Codabar codes, magnetic ink character rec- 
ognition (MICR) codes, optical character recognition 
(OCR) codes, and other codes. 
[0050] One of skill will also understand that the 

io present invention can be used in any system that has a 
need to detect and read labels using an illumination 
source that provides light to be reflected off of a label 
and wherein the reflected light is detected by a detection 
device for further processing, without limitation to a data 

is cartridge storage system. Moreover, when used in a da- 
ta storage system, the present invention can be used 
with any form of data storage media. 



20 Claims 

1 . A system for illuminating target areas using multiple 
light sources, comprising: 

25 a first light source (12) configured to illuminate 

a first target area (22); and 
a second light source (13) configured to illumi- 
nate a second target area, wherein the second 
target area located more distant from the see- 
so ond light source (13) compared to the distance 
from the second light source to the first target 
area (22); 

wherein the illumination from the first light 
35 source (12) and the illumination from the second 
light source (13) overlap on the first target area (22); 
said system is characterised in that the intensities 
of the first and second light sources (12,1 3) are ad- 
justed to provide a relatively balanced illumination 
40 of the first target area (22); and in that the overall 
intensity ofthefirst and second light sources (12,1 3) 
is increased when media is not present in the first 
target area (22). 

45 2. The system of claim 1 wherein the first and second 
light sources (12,13) are light emitting diodes 
(LEDs), and wherein the intensities of individual 
ones of the LEDs are adjusted to provide the rela- 
tively balanced illumination of the target area (22). 

50 

3. The system of claim 1 further comprising an illumi- 
nator lens (15) positioned relative to the second 
light source (13) so that the light from the second 
light source (1 3) is generally focused on the second 

55 target area. 

4. The system of claim 1 wherein the first target area 
(22)is a label area on a data storage media (20),and 
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wherein the second target area is a rear area of a 
magazine for holding the data storage media 
(20,21). 

5. The system of claim 1 further comprising: 

a charge coupled device (CCD) (25) positioned 
to detect light reflected from either the first tar- 
get area (22) or from the second target area or 
from both areas. 

6. A method for illuminating target areas using a plu- 
rality of light sources, comprising: 

illuminating a first target area (22) with a first 
light source array (12); 

directing light from a second light source array 
(13) toward a second target area, wherein the 
light from the second light source array (13) 
passes over at least part of the first target area 
(22),thereby causing the first target area (12) 
to be illuminated by both the first and second 
light source arrays (12,13); 
adjusting the illumination levels of individual 
light sources within the first and second arrays 
(1 2, 1 3) so that the illumination over the first tar- 
get area (22) is relatively even; and 
increasing the overall intensity of the first and 
second light sources (12,13) when media is not 
present in the first target area. 

7. The method of claim 6 further comprising: 

detecting light that is reflected from the first tar- 
get area (22); and 

processing the detected light to decode the in- 
formation detected at the first target area (22). 

8. The method of claim 6 wherein the first target area 
(22) comprises a label area on a datastorage media 
(20), and wherein the second target area comprises 
an area at the rear of a data storage media maga- 
zine. 

9. The method of claim 8 wherein the individual light 
sources within the first and second arrays (12,13) 
are adjusted so that an entire bar code label in the 
label area (22) is relatively evenly illuminated when 
one of the data storage media (20)is present in the 
magazine. 



Patentansprttche 

1 . Ein System zum Beleuchten von Zielbereichen un- 
ter Verwendung mehrerer Lichtquellen, das folgen- 
de Merkmale aufweist: 



eine erste Lichtquelle (12), die konfiguriert ist, 
urn einen ersten Zielbereich (22) zu beleuch- 
ten; und 

5 eine zweite Lichtquelle (13), die konfiguriert ist, 

um einen zweiten Zielbereich zu beleuchten, 
wobei der zweite Zielbereich im Vergleich zu 
der Entfernung zwischen der zweiten Licht- 
quelle und dem ersten Zielbereich (22) weiter 

w von der zweiten Lichtquelle (13) entfemt ist; 

wobei sich die Beleuchtung von der ersten Licht- 
quelle (12) und die Beleuchtung von der zweiten 
Lichtquelle (13) auf dem ersten Zielbereich (22) 

is uberlappen, wobei das System dadurch gekenn- 
zeichnet ist, daB die Intensitaten der ersten und 
der zweiten Lichtquelle (12, 13) eingestelltsind, um 
eine relativ ausgeglichene Beleuchtung des ersten 
Zielbereichs (22) zu liefern, und dadurch, daB die 

20 Gesamtintensitat der ersten und der zweiten Licht- 
quelle (12,13) erhoht ist, wenn keine Medien in dem 
ersten Zielbereich (22) vorhanden sind. 

2. Das System gemaB Anspruch 1 , bei dem die erste 
25 und die zweite Lichtquelle (12, 13) lichtemittierende 

Dioden (LEDs) sind und bei dem die Intensitaten 
einzelner der LEDs eingestellt sind, um die relativ 
ausgeglichene Beleuchtung des Zielbereichs (22) 
zu liefern. 

30 

3. Das System gemaB Anspruch 1 , das ferner eine Be- 
leuchtungslinse (15) aufweist, die relativ zu der 
zweiten Lichtquelle (13) derart positioniert ist, daB 
das Licht von der zweiten Lichtquelle (1 3) allgemein 

35 auf den zweiten Zielbereich fokussiert wird. 

4. Das System gemaB Anspruch 1 , bei dem der erste 
Zielbereich (22) ein Markierungsbereich auf einem 
Datenspeichenmedium (20) ist und bei dem der 

40 zweite Zielbereich ein Ruckbereich eines Magazins 
zum Halten des Datenspeichermediums (20, 21) 
ist. 

5. Das System gemaB Anspruch 1 , das ferner f olgen- 
45 des Merkmal aufweist: 

eine ladungsgekoppelte Vorrichtung (CCD) 
(25), die positioniert ist, um Licht, das entweder 
von dem ersten Zielbereich (22) oder von dem 
so zweiten Zielbereich oder von beiden Bereichen 

reflektiert wird, zu erfassen. 

6. Ein Verfahren zum Beleuchten von Zielbereichen 
unter Verwendung einerMehrzahl von Lichtquellen, 

55 wobei das Verfahren folgende Schritte aufweist: 

Beleuchten eines ersten Zielbereichs (22) mit 
einem ersten Lichtquellenarray (12); 
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Lenken von Licht von einem zweiten Lichtquel- 
lenarray (1 3) zu einem zweiten Zielbereich, wo- 
bei das Licht von dem zweiten Lichtquellenar- 
ray (13) zumindest einen Tell des ersten Ziel- 
bereichs (22) passiert, wodurch bewirkt wird, 5 
daB der erste Zielbereich (12) sowohl durch 
das erste als auch durch das zweite Lichtquel- 
lenarray (12, 13) beleuchtet wird; 

Einstellen der Beleuchtungspegel einzelner to 
Lichtquellen in dem ersten und dem zweiten Ar- 
ray (12, 13), so daB die Beleuchtung uber den 
ersten Zielbereich (22) relativ gleichmaBig ist; 
und 

15 

Erhohen der Gesamtintensitat der ersten und 
der zweiten Lichtquelle (12, 13), wenn keine 
Medien in dem ersten Zielbereich vorhanden 
sind. 

20 

7. Das Verfahren gemaB Anspruch 6, das ferner fol- 
gende Schritte aufweist: 

Erfassen von Licht, das von dem ersten Zielbe- 
reich (22) reflektiert wird; und 25 

Verarbeiten des erfaBten Lichts, urn die an dem 
ersten Zielbereich (22) erfaBten Informationen 
zu decodieren. 

30 

8. Das Verfahren gemaB Anspruch 6, bei dem der er- 
ste Zielbereich (22) einen Markierungsbereich auf 
einem Datenspeichermedium (20) aufweist und bei 
dem der zweite Zielbereich einen Bereich auf der 
Ruckseite eines Datenspeichermedienmagazins 35 
aufweist. 

9. Das Verfahren gemaB Anspruch 8, bei dem die ein- 
zelnen Lichtquellen in dem ersten und dem zweiten 
Array (1 2, 1 3) so eingestellt werden, daB eine gan- *o 
ze Strichcodemarkierung in dem Markierungsbe- 
reich (22) relativ gleichmaBig beleuchtet wird, wenn 
eines der Datenspeichermedien (20) in dem Maga- 

zin vorhanden ist. 



plus grande que la distance de ta deuxieme 
source lumineuse a la premiere zone cible 
(22); 

dans lequel I'eclairementfourni par la premie- 
re source lumineuse (12) et I'eclairement fourni par 
la deuxieme source lumineuse (13) se recouvrent 
sur la premiere zone cible (22) ; ledit systeme est 
caracterise en ce que les intensites de la premiere 
et de la deuxieme source lumineuse (12, 13) sont 
ajustees pour fournir un eclairement relativement 
equilibre de la premiere zone cible (22) ; et en ce 
que I'intensitS globale de la premiere et de la 
deuxieme source lumineuse (12, 13) est accrue 
lorsqu'un support n'est pas present dans le premie- 
re zone cible (22). 

2. Systeme de la revendication 1 dans lequel la pre- 
miere et la deuxieme source lumineuse (12, 13) 
sont des diodes emettant de la lumiere (LEDs) et 
dans lequel les intensites des certaines LEDs indi- 
viduelles sont ajustees pour fournir un eclairement 
relativement equilibre de la zone cible (22). 

3. Systeme de la revendication 1 comprenant en outre 
une lentille de source lumineuse (15) placed de ma- 
niere relative a la deuxieme source lumineuse (13) 
de sorte que la lumiere issue de la deuxieme source 
lumineuse (13) soit focalisee d'une maniere gene- 
rale sur la deuxieme zone cible. 

4. Systeme de la revendication 1 dans lequel ia pre- 
miere zone cible (22) est une zone d'etiquette sur 
un support pour stocker des donnees (20), et dans 
lequel la deuxieme zone cible est une zone arriere 
d'un magasin pour contenir le support pour stocker 
des donnees (20, 21). 

5. Systeme de la revendication 1 comprenant en 
outre : 

un dispositif a couplage de charges (CCD) (25) 
place pour detecter de la lumiere reflechie soit 
de la premiere zone cible (22) soit de la deuxie- 
me zone cible soit des deux zones. 



Revendlcations 

1 . Systeme pour eclairer des zones cibles en utilisant 
de multiples sources lumineuses, comprenant : 

une premiere source lumineuse (12) configu- 
ree pour eclairer une premiere zone cible (22) ; 
et 

une deuxieme source lumineuse (13) configu- 
ree pour eclairer une deuxieme zone cible, la 
deuxieme zone cible (1 3) etant situee a une dis- 
tance de la deuxieme source lumineuse (13) 



6. Procede pour eclairer des zones cibles en utilisant 
une pluralite de sources lumineuses, comprenant 
les etapes consistent a : 

50 

eclairer une premiere zone cible (22) avec un 
premier arrangement formant une premiere 
source lumineuse (12); et 
diriger de la lumiere issue d'un arrangement 
55 formant une deuxieme source lumineuse (13) 

vers une deuxieme zone cible, la lumiere issue 
de I'arrangement formant la deuxieme source 
lumineuse (1 3) passant sur au moins une partie 
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de la premiere zone cible (22), ce qui provoque 
ainsi un §clairement de la premiere zone cible 
(22) par les deux arrangements formant la pre- 
miere et la deuxieme sources lumineuses (12, 
13); 5 
ajuster les niveaux d'eclairement des sources 
lumineuses individuelles dans !e premier et le 
deuxieme arrangement (12, 13) de sorte que 
I'eclairement sur la premiere zone cible (22) 
soit relativement uniforme ; et io 
accroitre I'intensite globale de la premiere et de 
la deuxieme source lumineuse (12, 13) lors- 
qu'un support n'est pas present dans le premie- 
re zone cible. 

15 

Procede de la revendication 6 comprenant en outre 
les etepes consistant a : 

detecter de la lumiere qui est r£fl£chie de la 
premiere zone cible (22) ; et 20 
traiter la lumiere d&ectee pour decoder I'infor- 
mation detectee a la premiere zone cible (22). 

Procede de la revendication 6 dans lequel la pre- 
miere zone cible (22) comprend une zone d'6tiquet- 25 
te sur un support pour stocker des donnSes (20) et 
dans lequel la deuxieme zone cible comprend une 
zone a I'arriere du magasin de supports pour stoc- 
ker des donnees. 

30 

Proced6 de la revendication 8 dans lequel les sour- 
ces individuelles de lumiere dans le premier et le 
deuxieme arrangement (12, 13) sont ajustees de 
sorte qu'une etiquette decode a barres entiere dans 
le zone d*6tiquette (22) soit eclairee d'une maniere 35 
relativement uniforme quand un des supports pour 
stocker des donn6es (20) est present dans le ma- 
gasin. 

40 
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